During the winter of 2009 grassland birds were monitored in the region of Cuchillas de la Zarca to estimate the association between Ammodramus bairdii Audubon 1844, focal species of grassland and bird species belonging to the trophic guild of grassland granivorous birds (n = 25 ). The study area was divided into monitoring quadrants (n = 16) where 96 transects for bird monitoring were conducted, recording 16,635 individuals of which only 32.9% were in the trophic guild of grassland granivorous birds. The association between A. bairdii and other species was estimated from the nonparametric statistical index of Kendall's coefficient of concordance (W) and the p value, through permutation analysis (n = 10,000), finding positive and significant associations (p ≤ 0.05) of the target species for study with Sturnella magna, Passerculus sandwichensis and Ammodramus savannarum, species that share habitat preferences of natural grassland in good condition, slightly grazed and with little tolerance to the shrub cover. The association W ranged from 0.072 and 0.749. These results can recognize this region as an important area for the conservation of obligate grassland birds during winter, suggesting establish training programs to better utilize this resource by means of cattle activity.
Introduction
The grassland is the most threatened ecosystem of the earth. There are various causes explaining this: agricultural intensification, urbanization, energy development, expansion of invasive species [1] . Consequently, and for a few decades, the grassland bird populations have declined continuously [2] .
These facts become important when the habitat for several obligate grassland bird species is broken or lost [3] and it becomes a critical factor in conserving birds/habitat when such changes occur in both "working" lands as wintering grounds. With regard to this, recent work [4] has stated that 88% of grassland bird species breed in the Great Plains of North America and 90% of them spend winter in the Chihuahuan Desert, giving a clear idea of the magnitude of the problem.
Within this group of birds there are some species whose populations have declined to a greater degree than others, where currently efforts are made between Canada, the US and Mexico to expand the knowledge about them and develop proposals for their preservation [5] [6] . This is the case of the Baird's sparrow (Ammodramus bairdii) which is one of the grassland bird species that has a strong negative trend (−3.0% per year) in its population [2] , of which there is not sufficient information of its stay at winter lands, particularly in Mexico [7] , where the increase of the agricultural frontier and the lowtech extensive cattle raising cause reduction of grassland areas [8] .
In that sense, abundance and distribution of Ammodramus bairdii [9] [10] as well as other 49 obligate grassland bird species such as Anthus spragueii, Calcarius ornatus, Ammodramus savannarum, Pooecetes gramineus, is taken as a priority; they require native grasslands in good condition by taking the structure of vegetation as a key element in research [11] - [14] .
These sparrows and other wintering birds depend almost entirely on the seeds of plants in their diet to survive the winter months [15] [16] . Therefore, the availability of seeds in the soil has a direct impact on the composition and dynamics of bird communities during winter.
However, little effort has been made to know how this species can be associated with others of similar behavior and conditions of habitat [17] , in Mexico and in winter season [18] .
Therefore the objective of this study was to determine the association of Ammodramus bairdii, with other species of grassland granivores that share the winter habitat in the Cuchillas de la Zarca region of northwestern Mexico, to increase awareness of species whose populations decline annually and help to highlight the importance of the region for the preservation of this and other obligate grassland wintering birds.
Methodology

Study Area
The study area was located in the priority region for preservation of grassland (APCP) called Cuchillas de la Zarca [5] (Figure 1) Vegetation consists of xeric scrub (91%), and natural grasslands (9%) [19] , where the shrub layer consisted of the genera: Larrea, Prosopis, Acacia, Ephedra, Nolina and Opuntia, Juniperus and Quercus, the herbaceous layer consisted of genera: Bouteloa, Aristida, Buchloe, Andropogon, Muhlenbergia, Sporobolus, Heteropogon, Pleuraphis.
The average altitude of the area is 1850 m asl, in the study grassland of private and municipal properties were included and temperature of the coldest month was −3˚C to 18˚C. A GIS was used to build a mesh of squares (Figure 1 ) of 18 km per side covering the entire surface of APCP, of all quadrants (N = 36), those where natural grassland is present (n = 16) were selected. In those where there are available roads (over 5 km), sampling points ( Figure 2) were located every 500 m, which received a random number, so that in the first three (1-3) transects were carried out for bird monitoring [20] .
Methodology for bird monitoring [20] consisted of two observers trained to recognize grassland birds in paired transects, walking tours of a mile were made, one-time, with support from a GPS Garmin Etrex®.
At each sampling point observers walked perpendicularly to the road, using 8 × 42 binoculars, and species and number of birds observed were recorded. Monitoring was conducted between January 20 and February 21, 2009, between 08:00 and 12:00 each day, and then we brought together the Ammodramus bairdii (AMMBAI) and the trophic guild species of grassland granivores using the four-letter code [21] , placing number of birds per species per monitored quadrant.
Statistical Analysis
The measure of association between AMMBAI and granivorous grassland bird species was performed using the nonparametric statistic Kendall's coefficient of concordance (W). This is a normalization of the Friedman statistical test, and can be used to measure the degree of concordance between different trials that are assumed to a group or n objects. For the present study they are represented by bird species [22] .
The close relationship between the Spearman's r s correlation coefficient and W was used to calculate the Kendall's statistics, where W can be calculated directly from the mean ( ̅ ) of Spearman (r s ) paired correlations from the following relationship [22] - [24] :
where p is the number of variables among which the Spearmen correlation coefficients are calculated. For the case of the two W variables it is a linear transformation of r s : W = (r s +1)/2. Equation (1) shows that trials can only be concordant if the Spearman correlation is positive, two trials having perfectly opposite ranges for a group of objects have a negative correlation r s = −1, therefore W = 0, which means that there is no concordance [22] .
Permutation analysis was used to verify that the observed associations (W) are or are not random results. For this situation, a test of permutations of W for two variables is the exact equivalent of a permutation test of r s for the same variables. The significant probabilities (p value) were obtained in terms of the proportion of permutations for which the association was measured, above their observed values. On this basis, the observed values of W may be interpreted as highly significant or significantly small if p is lower than 0.05 or higher than 0.95, respectively. For both cases, it is assumed that forces which do not depend on random are involved in the observed associations [22] [25] [26] .
The parametric statistics of data from birds was performed using the SAS® PROC UNIVARIATE.
Results and Discussion
Ninety six transects were carried out in the winter of 2009 in the APCP of Cuchillas de la Zarca for bird monitoring. Each transect was 1 km long, 6 transects per quadrant (n = 16), recording 16,635 birds distributed in 31 families of 63 genera and 79 different species, of which 26 (32.9%) were located within the trophic guild of grassland granivores to a total of 7257 individuals. The relative abundance values ( Table 1 ) place this region (APCP) as the most important in the Chihuahuan desert for many species of migrant birds by their diversity and it is first in winter abundance of Ammodramus bairdii [27] .
The results of the estimation of Kendall's coefficient of concordance (W) between the abundance of Ammodramus bairdii and the other 25 species of granivorous grassland birds are presented in Table 2 .
The analysis of the calculation of the association by Kendall concordance index (W) between Baird's sparrow and 25 species of birds belonging to the trophic guild of grassland granivores shows different values of association, although they share the same habitat, birds of different species establish distinct patterns of movements between wintering birds, as [28] found in Arizona.
Association values found of W vary between 0.272 and 0.749, but only 3 of these associations (12%) were positive and significant (p ≤ 0.05).
Reference [29] states in his study on the influence of seed availability in shaping the diet and winter habitat selection in bird communities of arid grassland that between bird species there is preference for different seeds, where size, shape, and energy content affect how the habitat is shared by birds, so the association between granivorous species can be explained by this fact.
In this respect the found association with eastern meadowlark (Sturnella magna) was the highest and explained by the preference of this species for native grasslands in good condition with plenty of organic matter in the soil [30] , habitat characteristics that shares with Baird's sparrow [27] [31]- [33] .
Similarly, the Ammodramus bairdii was associated with Passerculus sandwichensis although there are differences in foraging and behavior of both species [34] , perhaps because they prefer just as Baird's sparrow open habitats with shortly grazed natural grasslands [35] .
The association with Ammodramus savannarum can be explained because both species avoid grasslands with extensive shrub covers [36] and prefer plant associations dominated by the genera Bouteloa and Aristida ssp. [29] , such as those found in the study area.
For other species the calculation of the association was not statistically significant, since most of them have higher tolerance than Baird's sparrow to plant structures with less coverage of natural grasslands and greater shrub coverage [34] [37] [38] .
Conclusions
The association between Baird's sparrow and other 25 species of granivorous grassland birds in the region of Cuchillas deZarca during winter season, using the Kendall's concordance index (W) showed that there are differences between birds that use seeds as the only source of food.
The results highlighting the association between A. bairdii and S. magna, P. sandwichensis and A. savannarum show consistency and biological explanation since all of these species share preferences for common habitat characteristics, such as natural grasslands in good condition, slightly grazed, small areas of bare soil and low presence of bushes. This suggests establishing training programs for owners of pastures and promotes appropriate use by extensive cattle raising, where better grass produces best cattle and represents best habitat for obligate grassland bird species.
In addition to suggesting continue with these studies using the same methodology, it should be added the possibility to quantify the availability of seed on the ground, to better explain these results.
